A novel bacterial strain, designated S2-2 T , was isolated from the intestine of a sea cucumber Apostichopus japonicus in Xiapu, Fujian province, China. Strain S2-2 T was found to be aerobic, Gram-stain-negative, pale yellow, rod-shaped, oxidase-and catalase-positive. Growth occurred at 15-36 8C (optimum, 25-32 8C), in the presence of 2-7% sea salt (w/v, optimum, 3-5%) and at pH 6-9 (optimum, pH 7.0). The isolate was able to hydrolyse gelatin, casein and DNA, but unable to degrade Tween 20, 40 and 80, starch and cellulose. Phylogenetic analysis based on 16S rRNA gene sequences indicated that strain S2-2 T represented a member of the genus Tenacibaculum, with highest sequence similarity to Tenacibaculum aiptasiae a4 T (96.9% similarity), followed by Tenacibaculum xiamenense WJ-1 T (96.5% similarity) and showed lower similarities (93.3-95.9%) with other members of the genus Tenacibaculum. The major cellular fatty acids were summed feature 3 (comprising C 16 : 1 v6c/C 16 : 1 v7c, 33.8%), iso-C 15 : 0 (13.7%), iso-C 15 : 1 G (8.6%), iso-C 15 : 0 3-OH (5.3%) and C 15 : 0 3-OH (5.1%). The DNA G+C content of the chromosomal DNA was determined to be 31.8 mol%. The respiratory quinone was determined to be MK-6. Phosphatidylethanolamine, phosphatidylglycerol, one unknown aminophospholipid, one unknown phospholipid, one unknown glycolipid and five unknown lipids were detected as major polar lipids. Hence, the combined genotypic and phenotypic data indicated that strain S2-2 T represents a novel species of the genus Tenacibaculum, for which the name Tenacibaculum holothuriorum sp. nov. is proposed. The type strain is S2-2 T (5MCCC 1A09872 T 5LMG 27758 T ).
The genus Tenacibaculum, which belongs to the family Flavobacteriaceae was first proposed by Suzuki et al. (2001) . At the time of writing, there have been 21 species with validly published name isolated from different marine sources, which are recorded in the LPSN database (http:// www.bacterio.net/tenacibaculum.html). During our investigation of intestinal microbial communities of sea cucumber Apostichopus japonicus in Xiapu, Fujian Province, China, a novel dominant bacterium, designated S2-2 T was isolated. The aim of the present work was to determine the exact taxonomic position of strain S2-2 T by using a polyphasic approach.
Sea cucumbers from the culture ponds were collected and processed immediately in laboratory. Intestines of the sea cucumbers were dissected with sterile scissors and homogenized in physiological saline (PS) [0.9% (w/v) NaCl] under aseptic conditions. Appropriate dilutions of homogenized samples were plated on marine agar 2216 medium (MA, BD Difco) at 28 8C for 5 days, and then individual colonies were picked from MA. After primary isolation and purification, strain S2-2 T was cultivated at 28 8C on the same medium for biochemical and physiological characterization and stored at 280 8C in marine 3Liping Wang and Xiaoyi Li contributed equally to this work.
The GenBank/EMBL/DDBJ accession number for the 16S rRNA gene sequence of Tenacibaculum holothuriorum S2-2 T is KP313827. Genomic DNA was extracted according to a previously described method (Ausubel et al., 2002) and the 16S rRNA gene was amplified by PCR using primers described previously (Liu & Shao, 2005) . Sequence similarity was determined using the EzTaxon-e server (Kim et al., 2012) . Sequences from related taxa were obtained from the GenBank database. Phylogenetic analysis was performed using MEGA version 5.0 (Tamura et al., 2011) with distance options according to the Kimura two-parameter model and clustering with the neighbour-joining (Saitou & Nei, 1987) , maximum-likelihood (Felsenstein, 1981) and minimum evolution (Rzhetsky & Nei, 1992) methods and supported with bootstrap values based on 1000 replications.
A nearly full-length 16S rRNA gene sequence (1410 bp) of strain S2-2 T was obtained. Phylogenetic analysis indicated that strain S2-2 T fell within the genus Tenacibaculum, which belonged to the family Flavobacteriaceae (Fig. 1 ). This topology was confirmed by maximum-likelihood and minimum evolution trees (Figs S1 and S2, available in the online Supplementary Material). Sequence similarity calculations using the pairwise alignment obtained from the EzTaxon database (Chun et al., 2007) indicated that strain S2-2 T had the highest 16S rRNA gene sequence similarity with Tenacibaculum aiptasiae a4 T (96.9%), followed by T. xiamenense WJ-1 T (96.5%) and T. caenipelagi (96.1%). S2-2 T shared lower 16S rRNA gene sequence similarities (93.3-95.9%) with other members of the genus Tenacibaculum. Similarity levels of S2-2 T with members of other genera in the family Flavobacteriaceae were less than 93.5%. Filled circles indicate nodes that were also recovered in maximum-likelihood and minimum evolution trees based on the same sequences. Bootstrap values (expressed as percentages of 1000 replications) are shown at branch points. Bar, 0.01 nt substitution rate (K nuc ) units.
Gram staining was performed using a Gram staining kit (Hangzhou Tianhe Micro-organism Reagent). The cell size, morphology and flagellation pattern were observed by transmission electron microscopy (JEM-1230, JEOL) of cells negatively stained with phosphotungstic acid. Cultures were grown on marine agar at 28 8C for 1 day prior to staining. Gliding motility was tested as described by Bernardet et al. (2002) using an MB culture grown for 24 h at 28 8C. Catalase activity was determined by bubble production in 10% (v/v) H 2 O 2 solution. Oxidase activity was evaluated by the oxidation of 1% (w/v) N,N,N9,N9-Tetramethyl-1,4-phenylenediamine. Cellular pigments were extracted with acetone/methanol (7 : 2, v/v), from cultures grown on MA and absorption spectra were determined Table 1 . Differential phenotypic characteristics of strain S2-2 T and the type strains of the related species of the genus Tenacibaculum Strains: 1, S2-2 T ; 2, T. aiptasiae a4 T (Wang et al., 2008) ; 3, T. maritimum NCIMB 2154 T (Wakabayashi et al., 1986) ; 4, T. xiamenense WJ-1 T (Li et al., 2013) . Characteristics are scored as: +, positive; 2, negative; W, weakly positive; NG, no growth with NaCl only; R, resistant; S, susceptible. Data for catalase, oxidase, API 20NE, API 20E and API ZYM for strains 1-4 were all obtained during this study. with a scanning UV/visible spectrophotometer (SmartSpec Plus; Bio-Rad). The presence of flexirubin-type pigments was investigated as described by Bernardet et al. (2002) . The growth temperature was determined over a range of temperatures (4, 10, 15, 20, 22, 25, 28, 32, 35, 36, 37 and 40 8C) in marine broth 2216. The pH range for growth was determined in marine broth 2216 adjusted to pH 3.0-11.0 (at 1 pH unit intervals) with citrate/ phosphate (pH 2.0-7.0), Tris/HCl (pH 8.0-9.0), or sodium carbonate/sodium bicarbonate (pH 10.0) buffers. Tolerance to NaCl was tested using modified sea salt medium (peptone 1 g, yeast 0.2 g, FePO 4 0.1 g, CaCl 2 1.8 g, KBr 0.08 g, SrCl 2 0.034 g, H 3 BO 3 0.022 g, NaNO 3 0.0016 g, L-glutamic acid 0.5 g) supplemented with a sea salt concentration of 0, 0.5, 1, 2, 3, 4, 5, 6, 7, 8, 9 or 10 (w/v (Dong & Cai, 2001) . API 20NE, 20E and API ZYM strips (bioMérieux) and Biolog GN2 were used according to the manufacturer's instructions, with the single modification of adjusting the NaCl concentration to 3.0% in all tests. These results are given in the species description and are presented in Table 1 . T. aiptasiae a4 T , T. maritimum NCIMB 2154 T and T. xiamenense WJ-1 T were tested as reference strains at the same time in this study. Strain S2-2 T was Gram-stain-negative, non-spore-forming and rod-shaped, 0.4-0.7 mm wide, 1.7-4.0 mm long and motile by gliding ( Supplementary Fig. S3 ). Flexirubintype pigments were absent. Carotenoid pigments were present with main absorption peaks at 480, 454 and 425 nm. Growth occurred at 15-36 8C (optimum, 25-32 8C), in the presence of 2-7% sea salt (w/v, optimum, 3-5%) and at pH 6-9 (optimum pH 7.0). Other characteristics are given in the species description.
Antibiotic susceptibility tests were performed using the disc diffusion method as described previously (Shieh et al., 2003) . Strain S2-2 T and three type strains of genus Tenacibaculum were tested at the same time under the same condition in this study. All the four strains were resistant to gentamicin (10 mg per disk, OXOID), kanamycin (30 mg), metronidazole (5 mg), neomycin (10 mg), oxacillin (1 mg), polymyxin B (30 mg) but sensitive to carbenicillin (100 mg), cefobid (30 mg), ciprofloxacin (5 mg), clindamycin (2 mg), erythromycin (15 mg), furazolidone (15 mg), cefazolin (30 mg), lincomycin (2 mg), norfloxacin (10 mg), ofloxacin (5 mg), piperacillin (100 mg), rifampicin (5 mg) and co-trimoxazole (25 mg).
Fatty acids in whole cells grown on marine agar 2216 medium at 28 8C for 48 h in the middle of exponential phase were saponified, methylated and extracted using the standard MIDI (Sherlock Microbial Identification System, version 6.0B) protocol. The fatty acids were analysed by gas chromatography (Agilent Technologies 6850) and identified using the TSBA6.0 database of the Microbial Identification System (Sasser, 1990) . T. aiptasiae a4 T , T. maritimum NCIMB 2154 T and T. xiamenense WJ-1 T were done in parallel with strain S2-2 T in this study. The fatty acid content of strain S2-2 T was dominated by summed feature 3 (comprising C 16 : 1 v6c/C 16 : 1 v7c, 33.8%), iso-C 15 : 0 (13.7%), iso-C 15 : 1 G (8.6%), iso-C 15 : 0 3-OH (5.3%) and C 15 : 0 3-OH (5.1%). The detailed fatty acid content of strain S2-2 T , available in Table 2 , is in accordance with those of other species of the genus Tenacibaculum (Wang et al., 2008; Li et al., 2013; Wakabayashi et al., 1986) .
Analysis of the respiratory quinone was carried by HPLC according to the protocol of Collins (1985) . The Summed feature 9 1 TR 1.2 TR *Summed features represent groups of two or three fatty acids which could not be separated by GLC with the MIDI system. Summed feature 2 contains C 14 : 0 3-OH/iso-C 16 : 1 I; summed feature 3 contains C 16 : 1 v6c/C 16 : 1 v7c; summed feature 8 contains C 18 : 1 v7c/C 18 : 1 v6c; summed feature 9 contains iso-C 17 : 1 v9c/C 16 : 0 10-methyl.
predominant quinone of strain S2-2 T was determined to be menaquinone with six isoprenoid units (MK-6), which was in accordance with previous findings for all members of the genus Tenacibaculum.
Polar lipids were extracted according to the procedures described by Minnikin et al. (1984) and identified by twodimensional TLC followed by spraying with the appropriate detection reagents (Minnikin et al., 1984; Zhang et al., 2014) . The polar lipids in strain S2-2 T were phosphatidylethanolamine, phosphatidylglycerol, one unknown aminophospholipid, one unknown phospholipid, one unknown glycolipid and five unknown lipids. The polar lipid profile of strain S2-2 T could be differentiated from those of other species of the genus Tenacibaculum by the presence of phosphatidylglycerol and unknown glycolipid (Oh et al., 2012) (Fig. S4 ).
The DNA G+C content was then determined according to the methods described by Mesbah et al. (1989) Cells are aerobic, Gram-stain-negative, non-flagellated, motile by gliding, non-spore-forming, straight rods (0.4-0.7 mm in width and 1.7-4.0 mm in length) (Fig. S3 ). Colonies are pale yellow, circular and convex with spreading margins and approximately 0.5-2 mm in diameter after 2 days incubation at 28 uC on MA. Growth occurs at 15-36 uC (optimum, 25-32 uC) , in the presence of 2-7% sea salt (w/v, optimum, 3-5%) and at pH 6-9 (optimum pH 7.0). DNA, casein and gelatin are hydrolysed, but starch, fibrin and Tweens 20, 40 and 80 are not. Flexirubin-type pigments are absent. Positive for catalase and oxidase activities and fermentation of L-aspartic, L-glutamic, glycyl-L-aspartic and glycyl-L-glutamic acids. In the API 20NE and 20E strip, positive for b-galactosidase, tryptophan deaminase and gelatinase. In the API ZYM strip, alkaline phosphatase, C4 esterase, C8 lipase, C14 lipase, leucine arylamidase, valine arylamidase, cystine arylamidase, trypsin, a-chymotrypsin, acid phosphatase and naphthol-AS-BI-phosphohydrolase activities are present, but a-galactosidase, b-galactosidase, b-glucosidase, aglucosidase, b-glucuronidase, N-acetyl-b-glucosaminidase, a-mannosidase and a-fucosidase activities are absent. Of the 95 substrates in the Biolog GN2 system, strain S2-2 T was positive for L-aspartic acid, L-glutamic acid, glycyl-L-aspartic acid and glycyl-L-glutamic acid. The major fatty acids are summed feature 3 (C 16:1 v6c and/or C 16:1 v7c), C 15:0 3-OH, iso-C 15:0 , iso-C 15:0 3-OH and iso-C 15:1 G. The predominant quinone is MK-6. The main polar lipids are phosphatidylethanolamine, phosphatidylglycerol, one unknown aminophospholipid, one unknown phospholipid, one unknown glycolipid and five unknown polar lipids. The DNA G+C content of the type strain is 31.8 mol%. Characteristics used to distinguish strain S2-2 T from related species are shown in Table 1 .
The type strain S2-2 T (5MCCC 1A09872 T 5LMG 27758 T ), was isolated from an intestine of the sea cucumber Apostichopus japonicus collected from a fish raft in Xiapu, Fujian province, PR China.
